Abstract-Based on the concrete characteristics and application background of design patent, according to the deficiency of the present retrieval system of design patent database, this paper proposed a synthesis design patent image retrieval method based on shape and color features. First, we present a shape retrieval approach based on the morphological description moment invariants, which can not only reflects the morphological characteristics of design patent image, but also has translation, rotation and scale invariability. Second, an improved color retrieval method based on the key local fuzzy color histogram which contains the colors' statistic and local distributing characteristics is used to improve the color retrieval accuracy. At last, set a weight coefficient with the consideration of the similarity degree of the shape and color features. The experimental results indicated that the proposed method can retrieve similar design patent images fast and efficiently, and improve the recall ratio and precision of design patent image retrieval.
INTRODUCTION
In recent years, with the development of international situation and the accelerating process of integrated world trade, the intellectual property protection has been paid more and more attention all over the word. Due to the increased numbers of patent application which results in more and more difficulties in manual works on comparing their similarity degree, it's very necessary to establish an accurate and high-effective design patent image retrieval system , especially for reducing imitating dispute, providing help for patent infringement and realizing genuine modern management.
The design patent image retrieval belongs to the technology category of content-based image retrieval. At present, there are many new technique methods since the content-based image retrieval (CBIR) [1] - [5] has been brought forward. Researchers focus on features extraction and similarity measurement, while ignoring concrete applications. Aiming at the concrete characteristics and application background of design patent, the design patent image retrieval should emphasize on shape and color features [4] - [6] .
In this paper, a synthesis retrieval method for patent images using shape and color features is proposed. After the pre-processing of patent images, we extract the shape features of patent images with the morphological description moment invariants, which can reflect overall and accurate morphological characteristics of patent image compared with wavelet modulus maxima and contour description matrix. Then an improved color retrieval method based on the key local fuzzy color histogram is used to improve the color retrieval speed and accuracy, and the study comparing of accumulation color histogram, the traditional fuzzy color histogram and the presented method is also discussed. The experimental results showed that the presented algorithm can effectively realize design patent image retrieval and recognition, and improve the recall ratio and precision of similarity evaluation of design patent image..
II. METHODOLOGY

A. Shape retrieval based on the morphological description moment invariants
In the design of automatic retrieval system based on image content shape feature is an important means to describe high visual features. At present, the shape feature extraction methods can be divided into two types: shape feature extraction based on edge detection and shape feature extraction region segmentation. But most of these methods are dependent on correct extraction of regional boundary or complete segmentation of images, therefore, it is unavoidable to encounter with some difficulties for borderline blurred images and incomplete segmentation of images. This paper proposed an new method based on morphological description moment invariants, which can not only reflect the more overall and accurate morphological characteristics of design patent image and are not affected by the borderline blurred images and incomplete segmentation of images, but also has translation , rotation and scale invariability [7] - [9] .
1) Image Preprocessing
The image preprocessing is mainly to detect image edge and get binary image. The scale of filters is a difficult problem for edge detection. The bigger the scale is, the better the effect of edge detection is; but the more inaccurate the edge location is. Canny operator is presented to detect image edge in multi-scale space. In this paper, the Canny operator [7] is used to extract image edge to overcome the contradiction between edge location and noise effect.
2) Morphological description moment invariants
The edge information of patent image can be considered as the set of feature points, and the morphological center of image is the center point composed by image edge points. If the set of all edge points is {( , ) | ( , ) } I x y x y I = ∈ , then the center point is set as { , } Considering the computational complexity and rotation scale invariability, this paper proposes an improved representation method of the radial distance and angular orientation between edge point and center point: 
Where, the farthest point from center point is expressed as max max max { , } I x y and the distance to the center point is:
The radial distance is divided in equal m parts, and the angular orientation is divided in equal n parts. The interval of radial direction and angular orientation are as follows: 
Then the element of matrix S is:
ij S is used to express the percentage of the total points in area and this matrix S is called as morphological description moment invariants. Figure 1 shows the morphological description moment invariants of design patent images. 
u R represents the ratio of all spots which have the same radial distance but different angular orientations(0~2π ).
Using similar method, we can also get u θ :
The similarity degree of radial distance 
Then, the comprehensive judgment of the similarity degree of two different morphological description moment invariants is defined asη :
4) Parameter adjustment of retrieval precision
Because of the different parameter m, n and ε will cause different retrieval results. In order to retrieve design patent image more effective and accurate, this paper uses the simulated annealing particle swarm optimization algorithm （SAPSO） to search the optimum parameters. Set (m,n)=(24,12). The basic idea of simulated annealing algorithm (SA) [10] is to find the global optimal solution and almost global optimal solution by simulated the annealing process of high-temperature object.
Particle swarm optimization algorithm (PSO) [11] [12] [13] is based on the group, and the individual of group is moved to the better region according to the environment fitness, where each individual is regarded as a particle in D-dimensional space. The particle swarm is represented as 1 2 { , ,...
x is the current position of particle i , 1 2 { , ,...
is the current speed of particle i; 1 2 { , ,...
is the optimum position of particle i so far, that is
is the optimum position of the whole particle swarm so far, that is best g . For each generation, the speed and position of particle i in Ddimensional space are adjusted as the following formula:
where, ω is the weight coefficient, c1 and c2 are the acceleration constant, r1 and r2 are the random function whose variation range is [0,1]. By experiment, we can see that the best retrieval results of 200 randomly selected design patent images from the sample population is achieved when m=24, n=12, ω =0.63894.
5) Experimental analysis
Simulation experiments are made in VC++ 6.0, and algorithm performance has been tested and analyzed, which includes four aspects:
(1) The translation, rotation and scale invariability: produce some simple geometric figures (including triangle, square, rectangle and circular) to verify the translation, rotation and scale invariability of the morphological description moment invariants. Table 1 , Table 2 and Table 3 give respectively the statistical data of the verification test between the contour description matrix, wavelet modulus maxima and the presented shape retrieval algorithm , where, the total number of design patent database is 1000 images, including 15 images of scale variation, 45 images of rotation variation, and 10 images of translation variation. P represents the ratio between the number of image returning retrieval and the total number of design patent database. Based on experimental results and analysis, the shape retrieval based on the morphological description moment invariants is applied in any case whether or not has the translation , rotation and scale variances, and all the examples have the desired results.
(2) The shape retrieval of design patent image: we select 66 patent images of design patent database. The experimental results are as follows: (Figure. 4 is the case diagram of design patent; Figure.5 is the shape retrieval results of the design patent database, and the order of decreasing similarity is from left to right and up to down.) (3) In this paper, we used the SAPSO algorithm to get the optimal weight coefficient , which can convergent the optimum solution rapidly. Figure 6 is the comparison results of optimal solution for SAPSO, PSO and SA.
(4) The experimental comparison can find out the new shape retrieval method based on the morphological description moment invariants can significantly improve the recall ratio and precision ratio of design patent retrieval than the contour description matrix and wavelet modulus maxima. Figure 7 and Figure 8 are the comparison results of recall ratio and precision ratio of the contour description matrix, wavelet modulus maxima and the presented shape retrieval algorithm.
The results achieved expected effective, but we should see its inherent defects: it cannot include the color and texture information. Therefore, the images with similar contours but different contents were often retrieved. If the color information is considered, we can get a much better result. 
B. 2.2. Color retrieval based on key local fuzzy color histogram
Color transformation quantization is an important problem of color retrieval. Through comparing to various color space (including RGB, OPP,YIQ, YUV, YCrCb, CIE, Munsell and HSV) [7] , [14] , only quantized HSV color space is satisfied the above four attributes, and can match better with the visual characteristics. Therefore, this paper adopts the HSV color space. We first transform the 
1) Key local fuzzy color histogram
Considering the global and local color features, this paper proposed a new color retrieval method based on the key local fuzzy color histogram to improve the retrieval precision. The effect and robustness of fuzzy color histogram are superior to general histogram [15] - [17] . A case study of hue，the fuzzy color histogram of a certain location P in the image is known as follows: 1 2 ( ) ( , , , ) 
Then, the overall similarity degree of the key local fuzzy color histogram of the certain part is: 3) Experimental analysis (1) Figure. 3 is the case diagram of design patent; Figure. 9 is the color retrieval results of the design patent database, and the order of decreasing similarity is from left to right and up to down, where we set m=4,k h =10,k s =6,k v =6. Table 4 lists the comparing results of the similarity of the case diagram and images to be retrieved.
(2) The experimental comparison can find out the improved color retrieval method based on key local fuzzy color histogram can improve the recall ratio and precision ratio of design patent retrieval than the traditional fuzzy color histogram and accumulation color histogram. Figure 10 and Figure 11 are the comparison results of recall ratio and precision ratio of the traditional fuzzy color histogram, accumulation color histogram and the presented color retrieval algorithm.
(3) According to the retrieval speed, study of comparing with these three color retrieval methods is also discussed, Figure 12 is the comparison result of retrieval speed between the traditional fuzzy color histogram, accumulation color histogram and the presented color retrieval algorithm.
We can see that some images' colors are mainly brown in human's eyes, but the distributions of colors are different. The experimental results indicate that this method is proved to accord with human visual characteristics, and the retrieval speed is higher because of the use of the key local color features. 
C. Design patent image retrieval based on synthesis features
According to the Patent Law of China [18] , to judge whether they are the same or similar design patent images, we should consider both shape features and color features, that is, if the patent application products have both the same shape and color, it belongs to infringement act; else if the patent application products have the same color but different shapes, it does not form an infringement. Thus, according to the rules mentioned above in Patent Law, we should adopt the method of synthesis retrieval based on shape and color features, and this paper set a weight coefficient of similarity degree considering shape and color features. The weight coefficient is defined as below: Figure 13 is the synthesis retrieval result. Figure 14 and Figure 15 are the comparison results of recall ratio and precision of shape retrieval, color retrieval and synthesis retrieval.
The experimental comparison find out the synthesis retrieval method based on the presented shape and color algorithms can significantly improve the recall ratio and precision of design patent retrieval. Figure 14 . The comparison results of recall ratio of shape retrieval, color retrieval and synthesis retrieval. Figure 15 . The comparison results of precision ratio of shape retrieval, color retrieval and synthesis retrieval.
III. CONCLUSIONS AND PROSPECT
According to the basic characteristics of design patent image and the deficiency of existing retrieval methods, this paper presents a new synthesis retrieval method based on the morphological description moment invariants and key local fuzzy color histogram. We analyze from the single shape retrieval to the single color retrieval and synthesis retrieval combined with shape and color features, and then draw the experiment conclusion as follows:
(1) The shape retrieval method based on the morphological description moment invariants can not only effectively express the shape feature of design patent image, but also has translation, rotation and scale invariability through compared to contour description matrix and wavelet modulus maxima.
(2) The color retrieval method based on the key local fuzzy color histogram gives consideration to both global color feature and local color distribution characteristic. This method is more robust and efficient than the traditional local fuzzy color histogram method and accumulation color histogram method.
(3) The synthesis retrieval method combined with shape and color features can significantly improve the retrieval performance of the design patent retrieval system. However, the efficiency of the selection of weight coefficient and retrieval need to be further perfection and improvement..
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